The mechanism of the murmurs heard in mitral stenosis was studied in 6i patients by using simultaneous recordings of the mitral valve echocardiogram, phonocardiogram, and apex cardiogram.
The mechanism of the diastolic rumble and presystolic murmur in mitral stenosis is still unclear. Until recently these murmurs were attributed to the increased blood flow velocity through the narrowed mitral orifice, caused by the diastolic gradient between the left atrium and the left ventricle. However, in the past few years it has been thought that mitral valve motion itself is responsible for certain mitral diastolic murmurs. In combined cineangiocardiographic and phonocardiographic studies (Criley, Feldman, and Meredith, I971; Criley and Hermer, I97I), it was observed that the presystolic murmur was related to the closing motion of the mitral leaflets; it is suggested that the progressive decrease in orifice size, engendered by the closure of the valve, is the cause of the murmur. This observation was confirmed in the echocardiographic studies of Fortuin and Craige (I973) . These investigators, in addition, noted a similar time relation between the diastolic closing motion of the anterior mitral leaflet and the appearance of middiastolic murmurs heard in aortic regurgitation (Austin-Flint murmur), mitral regurgitation, and congenital heart diseases with large left-to-right shunt. They suggested that in such cases the closing motion of the mitral valve against an increased velocity of forward flow might be a contributory Received 25 March 1974. factor in the production of these murmurs (Fortuin and Craige, 1972, I973) .
This study investigates the pathogenesis of the presystolic murmur and the diastolic rumble in mitral stenosis by using simultaneous recordings of the mitral valve echocardiogram, phonocardiogram, and apex cardiogram.
Subjects and methods
Studies were made on 6i patients, I2 men and 49 women, whose ages ranged from I6 to 65 years (average 42). In all patients the physical findings of mitral stenosis were present and the mitral valve echocardiogram demonstrated an abnormally slow diastolic closure from E to F, of less than 35 mm per second (Edler, I967) . The stenosis was confirmed by cardiac catheterization and angiocardiography; in I2 patients it was combined with insignificant mitral regurgitation. In 8 cases the mitral valve was calcified. Twenty-five patients were in sinus rhythm and the remaining 36 in atrial fibrillation. Echocardiograms of the mitral valve were obtained using a Hewlett-Packard 72I4A ultrasound device, with attached Polaroid camera for film recording. Phonocardiograms from the apex, where the murmurs were best heard, and left ventricular apex cardiograms were obtained using an Electronics for Medicine multichannel recorder and transducer (PS-IB). The gated mitral valve echo signal and lead II of the electrocardiogram were recorded simultaneously with the phonocardiogram and apex cardiogram. The recordings .4
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In each patient the morphology of the diastolic rumble as well as the time relation of this murmur and the opening snap to the echocardiographic curve of the anterior mitral leaflet were studied. The morphology of the presystolic murmur and its time relation to the P and Q waves of the electrocardiogram, the C point of the apex cardiogram, and echocardiographic closing curve of the mitral valve, were also defined. (Fig. 4 and 5) .
The diastolic rumble was decrescendo in type and its vibrations were always greater in sinus rhythm than in atrial fibrillation. In the patients with a calcified mitral valve this murmur was quiet or virtually absent (Fig. 6) (MVE) shows two distinct phases of the opening motion of the anterior leaflet: a rapid one (D-X) lasting about 40 msec and a slow one (X-E) lasting about 6o msec. The opening snap (OS) coincides with the X point of the echocardiogram (arrow). The diastolic rumble (DR) appears after the E point, corresponding with the diastolic closing motion of the mitral valve. A presystolic murmur (PSM) appears after short diastolic periods (M1 = mitral component of the ist sound: A2= aortic component of the 2nd sound). (Tables i and 2) This murmur was recorded in all patients with sinus rhythm and in io of the 36 with atrial fibrillation (Fig. I, 5 , and 7). It was crescendo in type in 2I of the patients with sinus rhythm, beginning 130 to 230 msec after the onset of the P wave of the electrocardiogram. When the PR interval was normal the beginning of the murmur coincided with the onset of the QRS complex. However, in 4 out of 5 patients with a prolonged PR interval the presystolic murmur began before the onset of the QRS complex and was crescendo-decrescendo in type. In atrial fibrillation the presystolic murmur was always crescendo and louder in the cardiac cycles following short diastolic periods ( Fig. i and   7 ). It began after the onset of the QRS complex and its vibrations were always of less amplitude than in sinus rhythm.
B: Presystolic murmur
The presystolic murmur always began at or just after the peak of the A wave of the echocardiogram of the mitral valve. The progressive increase in amplitude of the crescendo murmur was clearly related to the closing motion of the valve (Fig. I, 5 , and 7).
The peak of crescendo-decrescendo murmurs also corresponded with the closing movement on the echocardiogram, and its final vibrations, just before the echocardiographic B point, were of significant amplitude (Fig. 3) .
On the apex cardiogram it was found that in patients with sinus rhythm the presystolic murmur began before (i8 patients) or at the C point (7 patients), but the peak of the murmur was always noted after this point. In atrial fibrillation the presystolic murmur was constantly recorded after the C point (Fig. 5 and 7) . buted to the production of the murmur; the movement of the valve leaflets in an opposite direction to the continued forward blood flow provides a mechanism for vortex shedding, i.e. conditions for the production of a murmur.
Our 4 Mitral stenosis with sinus rhythm. In this patient the valve opening motion is rapidly completed at the E point, which coincides with the opening snap. The diastolic rumble follows inmmediately and is recorded simultaneously with the diastolic slope of the echocardiogram, which presents dents in its initial part. The presystolic murmur is clearly related to the closing motion of the valve. backwards and the blood flowing forwards. We think that, in addition to the mitral valve motion, left atrial systole contributes to production of the murmur by increasing the flow velocity through the mitral orifice; thus, the mechanism of the impact of the blood flow against the valve motion is reinforced and begins earlier, just after the peak of the A wave in the echocardiogram. This explains the fact that the presystolic murmur is a constant finding and begins earlier in sinus rhythm than in atrial fibrillation.
Our observations also suggest that the mitral valve closure in early diastole may also contribute to the diastolic rumble in mitral stenosis. It was interesting to note that in all patients the diastolic rumble was not recorded during the time the mitral valve was opening. Like Friedman (I970), we found that the opening motion of the valve usually had two distinct phases. The group.bmj.com on July 7, 2017 -Published by http://heart.bmj.com/ Downloaded from Mechanism of diastolic rumble and presystolic murmur in mitral stenosis IIoS 
